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This  Technical  Note  considers  some  technical  and  practiceUL  aspects  of  an 
e;q>loratory  development  program  to  apply  STARLITE  (Space-Time  Analysis  for 
Recognition  of  Line  Target  Echoes)  active  classification  techniques  to  PAIR  (SQ,Q-23) 
and  to  sonoouoys  delivered  by  helicopter,  VS/VP  aircraft  or  by  gun  or  rocket  from 
a surface  ship.  To  provide  MVSHIPS  00V1C5  and  OOVIB  an  es bimate  of  the  dimensions 
of  an  overall  program,  Vtork  BreakdoTO  Structures  (V/BS)  and  a listing  of  immediate 
tasks  for  the  two  programs  are  included . 

The  feasibility  of  STARLITE,  either  technically  or  operationally,  has  not 
been  proven,  nor  has  any  prototype,  real-time  processor  been  built  and  tested. 

Any  eventual  development  program  should  be  preceded  by  technical  and  operational 
feasibility  studies.  Appendices  B and  C present  preliminary  technical  and  opera- 
tional considerations  of  a STARLITE/pAIR  system.  Appendices  D and  E give  bac-:grou:id 
on  some  present  sonobuoy  system  developments  to  which  STARLITE  might  be  applicable . 
Appendix  A is  a condensed  description  of  STARLITE  technique 

This  note  presents  an  informal,  preliminary  analysis  of  some  of  the  problemis 
of  a program  for  developing  operational  applications  of  STARLITE.  It  is  for 
planning  purposes  only  \/ith  distribution  limited  to  mr.-JC  and  a few  outside 
activities.  The  assistance  of  T.  F.  Ball  \n.th  Appendix  A and  of  H.  R.  Eady  as 
general  critic  is  gratefully  acknowledged. 
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CONCLUSIONS 


General : 

(l)  Insufficient  evidence  exists  at  this  tine  to  accept  or  reject  STARLITE 
I as  a potential  active  classification  technique. 

1 (2)  The  technique  has  been  verified  with  sea  data  (references  1 and  2); 

however,  other  experinental  results  do  not  agree  with  predicted  res’ults  based  on 
the  STARLITE  model  and  theory  (reference  3)-  The  technique  should  be  verified 
before  any  development  proceeds . 

(3)  No  definite  processor  configurations  or  displays  have  been  analyzed 
for  STARLITE  applications. 

(4)  No  real-time  or  shipboard  STARLITE  processor  is  currently  under  development. 

(5)  The  limiting  equations  of  STARLITE  permit  initial  studies  of  operatio.nal 
utility  and  tactics  without  complete  specification  of  hardvrare. 

(6)  STi\RLITE  processors  can  be  simulated  and  tested  ^dLth  artifical  and 
taped  sea  data  prior  to  specific  hard'uare  development. 

J 

Possible  ST^\RLITE/PAIR  Program: 

(1)  The  NAVSHIPS  OOVl  organization,  the  Active  Sonar  Classification  Panel, 
and  persomel  from  NSRDC  should  determine  whether  or  not  an  exploratory  devel- 
opment program  for  a STARLITE/pAIR  subsystem  be  proposed. 

(2)  If  a ST/iRT^ITE/pAIR  program  is  undertaken,  schedules  for  determining 
STARLITE  feasibility,  developing  and  testing  hardware,  etc.,  shovild  be  set  which 
will  insure  tim.e].y  incorporation  of  STA.RLITE  equipment  during  the  initial 
installation  of  the  SO.Q-23  on  operational  ships . 

(3)  As  sho’..'n  in  Appendix  B,  to  use  the  aft  ai'ray  of  a PAIR  ship  as  an 
active  STAJbhITE  receiver,  24  staves,  24  bcaraformers  and  24  prear.iplifiers  must 
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be  added.  This  requires  immediate  attention  if  raw  sea  data  for  a STARLITE/PAIR 
feasibility  study  are  to  be  gotten  during  the  planned  PAIR  data  collection  voyages. 
Possible  Sonobuoy  Classification  Program: 

(1)  Delivery  of  an  accurate,  short  range  classification  device  with  speed 
and  accxrrate  placement  in  a contact  area  could  greatly  alleviate  the  current 
long  range  active  sonar  classification  problem. 

(2)  A major  analysis  effort  by  a group  similar  to  the  Systems  Analysis 
Group,  ASV/  Systems  Project  Office,  is  necessary  to  determine  the  feasibility  of 
classification  with  sonobuoys  (id.th  or  without  STARLITE  processing)  delivered 
by  helicopters,  VS/VP  aircraft,  or  launched  directly  from  an  ASV.'  ship.  If  the 
analysis  is  unable  to  determine  the  operational  and  technical  feasibility  ’with 
existing  information,  it  sho'uld  specify  the  factors  needing  investigation. 

(3)  An  adequate  program  of  exploratory  development  in  this  area  vrauld  need 
several  Naval  Laboratories  and  so.me  contractors  to  satisfy  manpoi:er  and  talent 
needs . 

(4)  A ship  launched  active  sonobuoy  system  has  high  technical  risk. 

(5)  The  capability  of  passive  sonobuoys  or  noritally  processed  information 
from  CASS  (Command  Active -Sonobuoy  System)  might  not  require  ST/JILITE  processing. 

(6)  Any  program  should  consider  the  aid  possible  to  tracking,  fire  control 
functions  and  ’^reapon  delivery,  as  well  as  classification,  vrith  the  use  of  sono- 
buoys placed  in  a long-range  contact  area. 
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(1)  Reconmended  general  plans  for  a ST.^UILITE/pAIR  program  and  a program  to 
explore  the  uses  of  active  and  passive  sonobuoys  for  classification  with  sinrface 
ships  are  presented  in  the  form  of  Work  Breakdown  Structures  (V?BS)  in  figures 

1 and  2.  The  blocks  show  major  program  activities  through  the  sea  trial  phase. 
At  this  tine,  PERT  networks  which  would  show  a finer  task  breakdown,  decision 
points  and  the  co25>lete  interrelationships  of  all  activities  have  not  been  con- 
structed. Some  immediate  analysis  tasks  and  policy  decisions  are  necessary  to 
establish  the  validity  of  the  V/BS  and  the  desirability  of  undertaking  the 
programs . 

(2)  We  recommend  that  NAV3HIPS  establish  a working  group  of  the  IIAVSHIP3 
Active  Sonar  Classification  Panel  and  selected  personnel  from  ilAVSKIPS,  IISRDC, 
and  i'uT.-fc/SD  vriio  are  interested  in  the  STARLITE  technique.  This  group  sho'old 
survey  past  and  present  work  of  the  SACL-^iT  ASW  Centre,  NSRDC  and  DRL  and 
document  the  present  status  of  STARLITE.  Tlie  differences  between  the  sea  test 
results  in  references  1 and  2 and  the  experimental  results  of  reference  3 should 
be  resolved  and  e;-:plained. 

(3)  llio  several  STARLITE  processors  described  in  reference  (i|)  and  others 
previously  discussed  by  lir.  Wiekhorst  sho'uld  be  reviewed  for  applicability  to 
further  analj-tical  comparisons  and  computer  sim'olations . 

(4)  the  Group  should  study  and  decide  upon  the  means  of  comparing  different 
processors.  Standard  deviations  of  estimates  of  target  aspect  angle,  length 
and  vrLdth;  or  some  type  of  ROC  curve  analysis  of  the  detection  of  the  cross- 
correlation peak  might  provide  fne  basis  of  comparison. 

(5)  Once  the  group  has  decided  the  basis  for  comparing  processors,  system 
variables  such  as  signal  quantization  (i.  e.,  clipped,  3-t>it  or  5-'°i't  lincfU’ 
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quantization),  pulse  modulation,  degree  of  "matched-filtering,"  cross-correlation 
in  the  time  or  frequency  domains,  estimated  implementation  cost  and  ease  of 
implementation  ^d.th  existing  systems  should  be  studied  and  discussed  as  they 
relate  to  a cost-effectiveness  analysis. 

(6)  The  group  should  discuss  whether  or  not  an  exploratory  development 
program  with  STARLITE  should  include  application  to  PAIR,  considering  the  con- 
straints of  that  system  and  its  time  table  of  development  and  installation. 

(7)  If  a decision  is  reached  to  propose  a STARLITE/pAIR  program  a more 
detailed  Vtork  Brealcdov/n  Struct’ure  should  be  prepared.  Follo’.ring  that,  UAVSHIPS 
OOVIB,  or  a group  acting  for  OOVIB  should: 

(a)  V/ith  the  PAIR  Project  Office  determine  e , (leadline  for  demonstrating 
a real-time  STAHLITE  capability  vri.th  the  SQQ-23  which  would  allow  for  orderly 
incorporation  of  STARLITE  equipment  during  the  Fleet  installation  of  this  system. 

(b)  According  to  this  deadline,  determine  the  possible  approach: 

(1)  analysis  followed  by  heirdware  design  and  construction,  or 

(2)  imn'.ediate  work  on  hard’.,’cjre  design  and  the  acquisition  of  taped 
sea  data  for  conc’orrent  computer  simulation  and  hard’oare  shore 
tests . 

(c)  Determine  if  sufficie.nt  m.anpower  e:':ists  within  Navy  Laboratories  to 
undertake  the  major  portion  of  the  GTi\RLITE/PAIR  program,  or  whether  the  devel- 
opment programs  should  be  accomplished  by  contractors  v/ith  only  supervision  by 
Navy  Laboratory  personnel. 

(8)  A program  for  classification  of  contacts  detected  at  lo;ig  range  by 
s’lrface  ship  search  sonar  using  active  or  passive  sonobuoys  does  not  have  as 
stringent  schedule  reqiiirements  as  a program  involving  PAIR.  Since  sonobuoy 
systems  might  benefit  from  STARLITE  processing,  v/e  recomr/.end  that  the  group 
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consider  their  application  to  classification  and  the  possibility  of  enhancing 
their  performance  vith  STARLITE  techniques.  The  group  should  study  and  discuss: 

(a)  circumstances  under  which  sonobuoys  launched  from  a ship^  or  dropped 
by  supporting  aircraft  could  significantly  benefit  the  classification  process. 

This  involves  study  of  the  circumstances  under  which  the  search  sonar  experiences 
the  greatest  classification  difficulty. 

(b)  anticipated  improvements  and  problems  of  using  current  passive  and 
active  sonobuoys  for  classification  purposes . 

(c)  circomstances  under  vrhich  ST/iRLITE  techniques  ’-rith  sonobuoys  are 
advantageous  and  possible. 

(d)  the  desirability  of  an  analysis  by  a group  such  as  the  ASU  Systems 
Project  Office,  Systems  Analysis  Group,  of  the  cost  effectiveiiess  of  ship-launched 
or  air-dropped  sonobuoy  systems  for  classification.  The  preliminar;/  work  of  the 
previous  three  recommendations  wo’uld  provide  guidelines  for  this  analysis,  lie 
results  of  the  analysis  would  be  used  to  select  the  most  promising  exploratory 
development  prograi.is . 
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V/orlc  Breakdown  Structure 
for  STARLITB/FAIR 


Figure  1 
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D-^l-IEDIATi::  PLAIIS 

NUV/C/SD  Code  d606  co'old  not  take  on  a substantial  STARLITE  development 
program  without  a major  revision  of  existing  programs.  Me  plan,  ho^.'ever,  to 
more  fully  assess  the  classification  potential  of  GTARLITE  ifith  s'arface  ships. 

A brief  description  of  this  effort  ’.Till  shovf  a relationship  to  conve.ntional 
search  problems. 

Past  developments  in  search  (reference  (5))  show  that  two  rxijor  considerations 
affect  detection: 

(1)  Certain  physical  requirements  must  be  met  for  detection  to  be  possible; 
but  the  meeting  of  these  requirements  does  not  make  detection  inevitable. 

(2)  Detection  is  based  in  last  analysis  on  a human  being  and  its  success  is 
influenced  by  the  human's  attention,  alertness  and  fatigue.  In  short,  any 
detection  has  a probability  ranging  from  0 to  1,  but  it  is  never  inevitable. 

The  same  is  true  for  classification  and  v/ill  apply  to  our  assess.ment  of  the 
s’jrface  ship  problem. 

Tlie  ra;ige  lir.iting  equations  for  ST/JIijITE  depend  on  the  sonar  caiTier 


frequency,  sonar  bandvriLdth,  receiving  array  separation,  the  submarine's  relative 
bearing  fro:;,  the  ship  and  the  subirarine's  aspect  angle.  The  anal.ysis  will  use 
these  limiting  range  equations  as  the  physicaJ.  requirements  for  GIvYRoIxE  class- 
ification. IIo  effort  is  planned  to  estimate  the  exact  probr"  'lity  of  correct 
classification  for  co’-rtacts  vrLthin  the  effective  classification  area. 

Current  AS'/  tactics  eriploy  the  use  of  detection  sweep  widths  and  corres- 
po:iding  ASM  sh.ip's  speed  to  determine  the  size  sector  a ship  can  pa.trol  in  a 
convoy  screen.  Tl'ic  ASM  ship  uses  a random  method  of  changing  co'r'ses  withi'n 
its  sector  to  achieve  the  overall  detection  coverage.  Since  the  cla.ssif ication 
range  of  GTARijITJ-:  depends  upon  relative  ship-target  geom.etry,  no  simple  lateral 
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range  distritution  for  classification,  such  as  the  definite-range  lav  for 
detection  v-iiere  the  detection  probability  equals  1 or  0 according  as  ^ r 

— exists  to  corrroute  an  effective  classification  s'./eep  vidth.  Our  analysis 

will  endeavor  to  compute  the  size  sector  that  an  ASW  ship  can  patrol  for  STARLITE 
classification,  in  the  sane  ma.nner  it  patrols  for  detection.  This  nay  permit 
better  assessment  of  the  utility  of  STARLITE  than  the  calculations  of  Appendix 
C- 
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THE  SURFACE  SHIP  CLASSIFICATION  SITUATIOII 
A previous  report  (reference  (6))  described  three  types  of  submarine  class- 
ification encounters  by  an  ASW  surface  ship  equipped  with  a long  range  search 
sonar:  (l)  short  range,  short  duration  contact,  (2)  long  range,  short  duration 
contact  and  (3)  long  term  contact  at  medium  to  long  range. 

The  third  case  allows  a reasonable  classification  confidence  based  on  the 


contact  track  and  a study  of  many  consecutive  echoes.  Tnis  problem  will  not  be 
treated  here.  The  first  case  arises  when  the  submarine  is  detected  at  a range 
of  2000-5000  yards  while  making  a below-layer  approach.  The  second  case  occurs 
at  10-24  k^'ds  when  a submarine  comes  above  the  layer  to  make  an  observation  and 
then  descends' ■'rf.thin  a few  minutes.  This  instance  involves  surface  duct  (SD) 
propagation  Other  versions  of  the  second  case  occur  with  convergence  zone  (Cz.) 
detections  where  the  ensonified  region  varies  from  2-5  miles  in  width  at  ranges 
up  to  33  miles  from  the  ship,  or  in  bottom  bounce  (BB)  detections  v.here  coverage 
exists  only  over  a limited  range  for  a particular  depression  angle.  Tliis  can 
occur  under  marginal  B3  conditions. 

Surface  ship  sonars  specially  designed  for  short  range  classification  can 
improve  capability  in  the  first  case . The  second  case  can  be  similfirly  improved 
if  a short-range  classification  sonar  is  placed  near  the  contact.  This  short- 
range  ronar  nrast  arrive  quiclcly  to  achieve  contact  and  any  carrying  vehicle 
must  be  reasonably  invulnerable  to  submarine  attack  as  its  arrival  will  probably 
alert  the  target . 

Short-range  classification  sonars  can  use  higher  frequencies  for  greater 
Doppler  effect;  use  higher  pulse  repetition  rate  for  more  data;  achieve  better 
resolution  for  size  and  shape  infor.T.ation,  as  in  minehuntir.g  sonars;  and  use 
SSI-type  displays  to  neasLU-c  aspect  angle,  size  and  shape  of  a contact. 
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STARLITE  (references  1,  2,  7^  8 and  Appendix  A)  may  be  applicable  to 
either  short-range  system  approach.  If  so,  it  could  confirm  the  presence  of  a 
line  reflector  and  measure  the  aspect  angle  and  length-to-width  ratio.  This  paper 
is  limited  to  consideration  of  STARLITE  in  an  exploratory  development  program 
aimed  at  solving  cases  (l)  and  (2). 

LIMITATIONS  OF  STARLIl'E 

References  1 and  2 describe  demonstrations  of  the  STARLITE  classification 
process  with  sea  test  data  processed  ashore.  The  limiting  equations  listed  in 
references  1,  2 and  k define  an  area  ’.dierein  sub-marine  classification  by  ST/'J?- 
LITE  processing  is  possible.  This  area  is  dependent  on  range,  target  bearing 
from  the  array  axis,  and  target  aspect  angle.  The  equations  neither  guarantee 
100^-)  correct  classification  \riLthin  the  area,  nor  provide  coiifidence  levels  for 
classification  decisions  ^dthin  the  area,  nor  absolutely  prohibit  correct 
classification  decisions  outside  the  area,  nor  cor.'qjletely  describe  the  possibility 
of  false  alarms.  Prese.ntly,  at  beam  aspect,  STARLITE  is  not  effective  at  all; 
in  the  oral  presentation  of  reference  7,  Dr.  l/ielchorst  expressed  some  hopes  of 
aPieliorating  the  predicted  brea’xdov.m  for  beam  aspect  submarines.  Presently, 
hoi/ever,  have  ignored  these  possibilities  and  calculated  the  area  of  possible 
classification  as  determined  by  the  length/vidth  ratio  criterion,  resolution 
criterion,  correlation  criterion  and  the  Fresnel  far-field  condition  equations. 

V.'e  call  this  area  the  Effective  Classification  Area  (ECA).  The  EGA  Ibr  beam 
aspect  is  zero.  The  utility  of  STARLI'TE  will  depend  on  the  size  and  shape  of 
the  ECA  as  determined  by  the  condition  of  typical  sensor  platf or.m./submarine 
enco’unters.  Appendix  C provides  a preliminary  analysis  of  the  limiting  effects 
of  som;e  realistic  encounters . 
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Appendix  C uses  detection  ranges  for  the  PAIR  Wave-Period  Processor 
search  display  on  'oelow-layer  subnarines . The  first  set  of  calculations  is  for 
a static  case  in  which  Effective  Classification  Area  (EGA)  is  compared  to  the 
Effective  Detection  Area  (EDA)  for  a fixed  set  of  submarine  aspect  angles  and 
corresponding  detection  ranges.  The  60°  baffle  area  is  excluded  from  both 
detection  and  classification  areas.  For  seven  different  aspect  angles,  EGA  as 
a percentage  of  EDA  varied  from  to  90- 5/’-  As  shown  by  the  referenced  limiting 

equations,  the  EGA  goes  to  zero  for  some  aspect  angles.  If  detection  ranges 
remained  the  sane,  doubling  the  PAIR  frequency  to  10  k Hz  would  increase  these 
percentages  respectively  from  to  21.8^3  and  from  90-5^  to  9i+.4fj. 

The  second  set  of  calculations  is  for  a dynamic  case.  For  a selected 
set  of  submarine  and  surface  ship  speeds,  the  submarine  was  giver,  an  initial 
position  and  a course  which  brought  it  to  4 kyds  from  the  surface  ship  within 
one  hour.  The  ra.nge,  bearing  and  aspect  angle  of  the  subrrajrine  relative  to 
the  surface  ship  vrere  computed  at  discrete  tines  along  the  ship  and  submarine 
tracks  . .At  these  points,  the  equations  governing  the  EGA  ■'.■:ere  applied  to  determine 
where,  in  range,  classification  by  ST/iRLITE  beceme  possible. 

These  results  are  shovai  in  figures  G-4,  G-5  and  table  G-3.  Some  of  the 
tracks  never  offered  the  s’urface  ships  a classification  capability.  In  one 
instance,  the  submarine  could  have  been  classified  if  the  PAIR  operating  frequency 
were  5-5  k Hz  but  not  if  it  were  4.5  k Hz. 

The  calcula-tions  do  not  take  into  account  that  a ship,  knowing  the  require- 
ments for  STAJILITE  effectiveness,  could  alter  course  after  initial,  contact  to 
i:each  a more  advantageous  bearing  for  longer  range  classification.  Hopefully, 
further  analysis  can  provide  estimates  of  the  probability  of  surface  ships 
encountering  submarines  at  various  bearings  and  aspect  angles  as  a function 
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of  ship  and  subnarine  speeds.  Tactics  for  optimizinc  relative  positions  after 
initial  contact  can  also  be  considered.  Then  more  definite  conclusions  about 
the  utility  of  STARLITE/paIR  will  be  possible.  V/hile  Appendix  C provides  some 
insist  into  the  problem,  this  paper  cannot  conclude  whether  or  not  STARLITE 
offers  a classification  capability  to  PAIR  commensurate  with  the  cost  of  the 
equipment  additions  required. 
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STATUS  OF  STARLITE  TEgHIiOLOGY 

The  sea  trials  described  in  references  1 and  2 show  close  a^reenent  with 
the  theory  of  STARLITE  described  nore  fully  in  reference  8.  On  the  basis  of 
these  reports,  the  theory  and  post-experiF.ental  technique  appear  sound.  Reference 
3,  however,  describes  a laboratory  experiment  which  does  not  provide  agreement 
with  the  STARLITE  theory.  Until  these  differences  are  ejq>lained,  the  status 
of  the  STARLITE  theory  remains  unclear.  Even  if  STARLITE  operates  as  described 
in  references  1,  2 and  Appendix  A,  the  equipment  requirements  for  an  acc'orate 
classification  package  are  not  clear. 

References  1 and  2 state  that  the  existence  of  a linear  reflector  can 
be  shown  by  comparing  the  Fo'orier  transforms  of  the  outputs  from  two  hydrophones. 

If  the  features  of  the  one  transformed  output  are  shifted  in  frequency  relative 
to  the  features  of  the  other,  this  siiuple  shift  indicates  a linear  reflector. 

Such  a shift  can  be  detected  by  cross-correlating  the  Fourier  transforms. 

Tnis  technique  could  provide  a minim'um  STARLITE  classifier . If  \re  add  to  the 
shift  information  echo  d'oration  information  from  o.ne  of  the  hydrophones,  the 
target  aspect  arigle  and  length  and  width  can  be  estimated  with  excellent  accuracy 
as  indicated  in  references  1 and  2 . 

Hatxirally,  the  additional  proccssi.ng  equipment  for  mieas'oring  echo  duration 
will  raise  the  cost  over  a system  which  simply  extracts  a cross-correlation  shift. 
V.’e  don't  know  if  the  added  information  of  aspect,  length  and  width  ^/ill  improve 
classification  acc’oracy  by  enough  to  justify  the  extra  cost.  If  a dcvclopm.ent 
program  is  begun,  this  problem,  should  be  analyzed,  together  vriLth  the  problem,  of 
what  STARLITE  information  could  contribute  to  tracking  and  fire  control  functio.ns. 

Reference  4 discusses  different  mothods  of  implementing  STAili.IIE  processors. 


Dr.  V/ieknorct  also  discussed  various  tyres  of  processors  in  a m.eeti.ng  at  liAYSHIPS 
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on  31  October  1967-  The  several  techniques  sugcested  have  various  advantages 
and  disadvantages  vith  respect  to  perforr.ance,  cost  and  ease  of  irnplenentation 
as  real-time  processors.  Analytical  comparison  and  computer  simulation  of  these 
potential  implementations  would  constitute  a basic  step  in  moving  STARLITE  from 
a laboratory  technique  to  a shipboard  application. 

To  date,  all  STARLITE  processing  has  been  non-real-time  using  general 
purpose  com.puting  equipment.  Vlith  these  techniques,  an  ocperimenteJ.  program 
can  proceed  v/lthout  hardv,’are  construction  in  the  initial  stages . The  use  of 
digitally  driven  CRT  displays  would  permit  vn.de  testi.ng  of  display  formats 
prior  to  the  selection  of  sea  trial  hardvrare  design.  Further  studies  of  real- 
time processing  and  display  requirements  might  reveal  that  current  shipboard 
general  piu-pose  computers  such  as  the  USQ-20  can  efficiently  perform  most  of 
the  STARLITE  processing  vrith  minimal  add-ons  of  special  p’orpose  equipment. 

The  ‘/-JES's  shov;  a parallel  technical  and  operational  analysis  for  bcth 
ST.^iRLITE/p.AIR  and  th.e  Sonobuoy  Classification  Program.  They  do  not  show  decision 
points  vrhere  technical  and  operational  analyses  are  combined  to  decide  v.'hether 
a particu2.ar  system  or  approach  deserves  f'urther  attention.  A full  PERT  netv.'ork 
vra^old  reflect  these  decision  points  and  all  interrelationships  between  the  major 
blocks  in  the  ’.."BS's.  Since  these  projects  vrould  be  exploratory  development, 
the  PERT  netv;orks  and  all  cost/tine  estimates  v:ou.ld  be  subject  to  cha,nge  rs 
knowledge  accoimolates . At  the  present,  kno'vTedge  is  so  scanty  that  detailed 
work  statements  about  any  block  above  the  lovrest  level  in  the  v.’ould  reflect 


m.ostly  conjecture. 
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METHOD  OF  APPROACHING  A STARLITE  PROqRAM 

The  lowest  risk  technical  development  program  would  involve  a mission 
and  operational  analysis  prior  to  the  assignment  of  manpower  and  money  for  signal 
processing  analysis  and  simulation.  Obviously,  this  low  risk  plan  requires  more 
time  before  hardware  realization.  On  the  other  hand,  the  analysis  may  show  that 
STARLITE  has  no  operational  utility  worth  the  cost  of  a developmental  and  pro- 
curement program. 

The  time  requirements  of  the  present  PAIR  program  may  not  permit  the 
low  risk  plan  for  developing  a STARLITS/PAIR  subsystem.  Unless  STARLITE  hard- 
ware can  be  installed  during  the  regular  PAIR  installation  over  the  ne:<t  four 
years,  many  of  the  ships  will  have  reached  an  age  where  additional  subsystems' 
costs  and  yard  time  are  not  justifiable . 

Appendices  3 and  C sho’w  preliminary  technical  and  operational  considerations 
concerning  a 3T.ARLITE  subsystem  in  PAIR  ships.  V/hile  more  analysis  'would  be 
required  to  fuLlly  justify  or  exclude  a ST.-ii?LITE/PAIR  system,  hard'.-'are  design 
m.ight  have  to  be  begun  on  the  basis  of  presently  available  informatio:’.  to 
achieve  an  effective  interlock  with  the  regular  PAIR  schedule. 
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METHOD  OF  .\PPROACHIIIG  A SOHO- 
BUOY  CLASSIFICATIOH  PROGR/^.l 

An  application  of  STARLITE  to  sonobuoys  launched  from  the  ASW  ship  or 

j 

j dropped  by  helicopters  and  VS/VP  aircraft  could  take  two  basic  forms;  (l)  the 

use  of  two  active/passive  sonobuoys  with  an  appropriate  spacing  to  provide  the 
STARLITE  bistatic  reception,  (2)  the  use  of  two  passive  sonobuoys  \ri.th  a separate 
sound  so'Jrce  such  as  an  explosive  charge,  expendable  acoustic  sound  source 


providing  many  pings,  or  a vehicular  transducer  such  as  a helicopter's  dunking 
sonar. 

Appendices  D and  E describe  a ship-launched  passive  sonobuoy  (CLASP 
system)  and  the  recent  tests  of  an  airborne  Command  Active  Sonobuoy  System 
(CASS).  Both  of  these  sonobuoy  systems  offer  a meas'ore  of  classification 
capability  now.  However,  the  current  systems  have  some  classification  vulner- 
abilities, as  reference  9 indicates  with  respect  to  CLASP. 

In  the  follovring  paragraphs  we  ^rill  discuss  som»e  considerations  and 
proposals  for  using  sonobuoys  (with  or  without  STARLITE  processing)  to  classify 
long  range  contacts  initially  detected  by  the  ASV/  ship's  search  sonar.  A possible 
combination  of  helicopters  vrith  ship-launched  sonobuoys  is  considered.  In 
addition,  a sequential  sonobuoy  classification  process  is  suggested  il'-ere  lack  of 
detection  by  a passive  sonobuoy  ’would  initiate  the  sliip-launch  or  air-drop  of 
another  sonobuoy,  such  as  CA3S,  for  detection  and  classification  by  active  means 
( including  ST.ARLITE ) . 

Moving  a classification  package  close  to  a contact  initially  detected  by 
a long  range  search  sonar  can  greatly  assist  the  overall  classif icatio'.i  problem, 
as  explained  in  reference  6.  The  classification  package  can  consist  of  several 
candidate  sensors  and  several  methods  of  delivery  to  the  contact  area.  A complete 


CONr’IDEI!TI.\L 


mmmi 


trade-off  analysis  of  the  operational  and  technical  characteristics  of  these 
candidate  systems  would  require  a major  analysis  effort.  Much  of  the  analysis, 
particularly  the  operational  part,  could  proceed  without  a major  commitment  of 
manpower  to  the  design  and  simulation  of  the  subsystems . This  would  be  the  lov/ 
risk  approach  referred  to  earlier. 

While  passive  sonobuoys  offer  cost,  wight  and  probably  reliability  over 
active  sonobuoys,  their  detection  and  classification  capabilities  can  be  null- 
ified by  such  factors  as  pronimity  to  the  masking  noise  of  convoy  or  task  force, 
the  low  noise  output  of  battery-operated  submarines  and  slow  speed  nuclear 
submarines  and  some  counter-rieasures  or  decoys  transmitting  reccrdings  of 
typical  submarine  acoustic  signatures. 

A proposed  active  sonobuoy  (CASS)  which  employs  I'll  pulses  and  CW  pulses 
to  imrove  reverberation  and  Doppler  processi.ng  is  briefly  described  in  Append!;-: 
E.  The  planned  displa.ys  and  signal  processing  for  these  active  sonobuoys  might 
solve  the  classification  problem  without  a require.me.nt  for  oT.-miTE  processing. 
Ho'uever,  3T/iRLITE  processing  vra’old  give  an  advantage  of  estimates  of  target 
aspect  angle,  length  and  iridth.  These  data  would  help  reduce  the  effectiveness 
of  decoys  •'uhich,  while  easily  providing  Doppler  and  an  acoustic  signature, 
could  probably  never  simulate  the  dimensions  of  a submarine . 

VS/VP  aircraft  in  the  convoy  or  task  force  van  use  passive  sonobuoys  v.dth 
L0R1R  for  detection  and  classification.  Active  buoys  are  used  to  localize  for 
MAD  confirmation  ar.d  for  attack.  MAD  classification  does  not  obviate  a possible 
need  for  a ST/'iU-rfE/sonobuoy  system.  M\D  is  marginal  for  deep  or  evasive  sub- 
marines and  can  be  decoyed.  Geological  noise  and  debris  and  wrecks  (in  shallow 
water)  limit  MAD  classification  ability.  In  shallow  water,  a ST.IRj.ITE/sonobuoy 
system  could  possibly  im.orove  classification  if  it  adequately  rejects  bottom 
reverberation . 

l6 
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SONOBUOY  DELIVERY  METHODS 

We  recall  that  classification  case  (2)  considers  a long-range^  short 
duration  contact  situation.  Since  the  firm  contact  time  of  the  detection  system 
is  limited,  usually  because  several  pings  are  used  in  the  detection  process, 
the  time-late  of  arrival  for  the  remote  classification  sonar  is  critical.  The 
short  detection  range  of  the  system  \fill  not  provide  vide  area  coverage.  If  the 
system  cannot  arrive  during  or  shortly  after  long  range  sonar  contact,  the  area 
of  uncertainty  for  target  location  rapidly  expands  beyond  the  detection  range 
of  the  sanobuoys.  Even  though  active  sonobuoys  enjoy  good  belov-layer  ranges 
with  variable  depth  transducers,  excessive  time-late  results  in  a much  greater 
expenditure  of  sonobuoy^s  to  insure  successful  detection  and  subseauent  class- 
ification. Reference  6 shovfs  some  of  the  time-late  problems  associated  vlt'n  the 
placement  of  active  sonobuoys  around  a datum.  The  vV33  shows  boxes  considering 
VS/VP  aircraft  system.s,  helicopter  delivered  systemiS,  and  g-on-launcher  buoy 
systems.  Time -late  constitutes  one  of  the  principal  factors  governing  the 
choice  bet'.reen  these  delivery  systems. 

From  the  time-late  considei'ations,  shipboard  g’un  or  rocket  launched  sono- 
buoy  systems  might  offer  several  advantages  over  helicopter  or  VS/\T  aircraft 
delivery  systems.  The  MK  ll4  fire  control  system  receives  and  displays  sonar 
and  radar  i.aforination  and  controls  the  5"  g-un  and  ASROC.  Reference  11  states 
that  the  radar  can  detect  the  splash-entry  point  for  the  passive  sonobuoys. 
Sonobuoy  placement  by  5"  gun  would  be  partic'ularly  attractive  since  the  long 
range  sonar  -.rauld  directly  aim  the  gtin  with  the  MK-114.  The  ship-launch  of  the 


remarks  apply  to  the  use  of  helicopters  or  VS/VP  aircraft  with  ship -launched 
buoys . 

Ass'uninc  that  a g-aii-fired  or  gun-fired  rocket -sustained  sonobuoy  can  be 
accarately  placed  near  any  contact  gained  by  an  ASV/  ship's  search  sonar,  UHF 
and  VIU'’  radio  transmission  and  reception  beti.-een  the  ship  and  sonobuoy  night 
constitute  the  greatest  restriction  on  the  effective  classification  ranges. 

If  UKF  and  VHl’  transmissions  were  line-of-sight  limited,  a 100  foot  antenna  on 
the  AS'il  ship  and  a U foot  antenna  on  the  sonobuoy  would  permit  communication 
to  about  13.8  miles.  Reference  however,  states  "This  study  concluded  that 

development  of  an  appropriate  ruggedized,  g’.'Ji-launched,  rocket -sustai.ned  passive 
sonobuoy  is  within  the  state-of-the-art,  that  reliable  sonobuoy-ship  comm'unications 
can  be  maintained  in  the  40-60  megacycle  region  up  to  and  beyond  27  nautical 
miles,  and  that  standrurd  aircraft-type  receiving,  processing,  and  display 
equipment  co'uld  be  eirroloyed  \rith  little  modification,  except  accommodating 
the  partic’olar  frequency  band  to  be  used."  Even  if  t’ne  sonobuoy  payload  couJLd 
not  include  a battery  large  enough,  to  provide  t:iis  direct  so:’.obuoy-to-ship 
communication,  a helicopter  or  supporting  YS/VP  aircraft  could  relay  the  radio 
signal  from  the  buoy  to  the  ship  achieving  greater  range  because  of  ius  altitulo. 


the  contact  usin^  a helicopter  or  aircraTt  for  radio  relay  fron  sor.obuoy  to 
ship,  and  then  usin^  the  helicopter  or  aircraft  to  attack  the  contact. 

While  these  preceding  paragraphs  make  a case  for  a ship-launched  sono- 
buoy  systen,  the  development  of  classification  sonobuoys  for  delivery  by 
helicopters  or  \'S/v?  aircraft  co'old  probably  be  done  more  quickly  and  with 
less  technical  risk,  '.rnile  the  shorter  time-late  and  t’ne  ease  of  correctly 
placing  the  sonobuoys  --rith  the  1-lK  ll4  reconrr.end  a ship  launched  system, 
judicious  placement  of  helicopters  or  VS/''/P  aircraft  on  continuous  station 
arouiid  the  screen  could  reduce  their  time-late  problem.  Thus,  development 
of  classification  sonobuoys  for  use  vrith  helicopters  and  VS/VP  aircraft 
might  provide  a useful  and  more  timely  addition  to  the  Fleet. 
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PERSOiriCL  AND  OVERALL  PROGR.V-*.  EFFECTS 

PAIR  Project  personnel  in  VashinGton  a.nd  San  Die^o,  plus  contract  personnel 
would  have  to  be  involved  in  any  technical  study  of  ST/vRLITE  application  to  PAIR. 
In-house  personnel  of  a number  of  Ilavy  activities  could  provide  nruch  of  the 
analysis  and  preliminary  development  for  sonobuoy  systems.  Contractors  aJ.ready 
involved  with  sonobuoy  design  could  assist  operational  and  technical  feasibility 
studies.  The  Systems  Analysis  Group  of  the  ASU  Systems  Project  Office  has  been 
recommended  for  son.obuoy  studies  because  of  past  work  of  this  type  (reference 
10). 

If  set  up,  each  of  the  programs  co’uld  res'ult  in  a major  effort  diverting 
funds  and  manpower  from  current  programs.  For  this  reason,  we  have  recommended 
full  discussion  of  the  effects  of  implementing  these  progra.ms  by  the  li-WShlPS 
Active  Sonar  Classification  Panel  and  interested  parties  from.  li.AVSHIFS,  liSRDC 


and  liir.iC/SD. 
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APPEIIDIX  A 

CAPSULE  DESCRIPTION  OF  THE  STARLITE  TECHNIQUE 
STARLITE  looks  at  the  target  from  two  slightly  different  aspect  angles, 
j Assuming  no  parts  of  the  target  are  hidden  at  either  of  these  angles,  and  that 

the  target  has  certain  geo.metrlc  properties,  the  technique  can  determine  the 
length,  width  and  orientation  of  the  target . 

Assume  a target  model  of  point  reflectors  (any  similar  type  of  line  target 
model  v’ould  do)  and  two  hydrophones  as  shoTO  in  figure  A-1.  The  target  is 
ensonified  by  a source  near  the  hydrophones. 


THE  STARLITE  TARGET  MODEL 


• • (hydrophones) 

1 2 

Figure  A-1 

The  impxilse  response  of  the  tco’get  as  measured  at  hydropho:ie  1 wo-uld  be 
a train  of  impulses  a.s  chovm  in  figiure  A-2'..  The  impiilse  response  measured  at 
hydrophone  2 would  be  the  same  train  of  impulses  (figure  A-2b)  but  compressed, 
Since  hydrophone  2 is  more  abeam  of  the  target  than  hydrophone  1.  The  limitii-g 
case  of  pulse  compression  w'o'uLd  result  for  a hydrophone  directly  abeam  in  v.’hlch 
case  the  respon.se  would  be  a single  impulse. 
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IMPULSE  RESPONSE  OF  A SUStL^RHE 


ECHO  AT  T\IO  HYDROPHONES 


time 

(b) 

Figure  A-2 


If  ve  are  given  the  impulse  responses  of  figure  A-2,  together  with  values 
of  the  parameters  of  range,  bearing,  separation  of  the  hydrophones,  active 
carrier  frequency,  signal  bandwidth  and  the  time  d’uration  of  either  h^  (t)  or 
h2(t),  w can  detennine  the  length,  width  and  aspect  angle  of  the  target. 

Let  h^(t)  be  the  ingiulse  response  measured  at  hydrophone  1.  Then,  as 
shovm  in  figure  A-2b,  h^(t)  is  simply  a compressed  h^(t).  That  is: 

(A-1)  hg(t)=h(|) 

where  a is  some  constant  \fhich  depends  on  the  aspect  angle . Let  H^^  (f ) be  the 
Fo'jrier  transform  of  hj^(t).  Then  the  Fourier  transform  gives: 

(A-2)  H^(f)=a  H^(af). 

This  simply  means  that  a compression  in  the  time  domain  results  in  an  expansion 
in  the  freque::cy  domain.  If  the  spectra  of  and  H2  w'ere  very  wide,  and  if 
\re  observed  these  spectra  through  a small  "windovr, " the  e;':pansion  co'uld  be 
appro;:inated  as  a simple  shift  in  frequency. 
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This  is  similar  to  treating  a Doppler  compression  as  a sin^jle  frequency  shift. 

By  taking  the  Fourier  transforms  of  the  signals  re^'eived  at  the  two  hydrophones 
and  measuring  the  frequency  shift,  we  can  determine  target  length,  width  and 
aspect  angle  using  the  measured  echo  duration  and  the  other  parameters  previously 
measured. 

A further  refinement  would  directly  measure  the  frequency  response  of  the 
target.  This  could  be  implemented  by  transmitting  a slowly  swept  linear  5^4 
signal.  Then  the  envelope  of  the  echo  would  be  the  frequency  response  curve.  ] 

This  is  equivalent  to  measuring  the  frequency  response  of  a circuit  in  the 

laboratory  by  measuring  its  output  with  an  input  of  varying  frequency  from  a ! 

\ 

signal  generator.  The  obvious  advantage  of  this  method  is  that  no  Fourier 

transformations  of  the  received  echoes  is  necessary. 

This  discussion  gives  only  a superficial  description  of  the  ST/JILITE  ; 

i 

technique.  In  practice,  there  are  many  limitations  which  have  not  been  mentioned.  | 

Among  these  limitations  are  fixuite  system  bandwidth  effects,  Fresnel  field  effects,  | 

frequency  shift  resolution  limits,  and  the  length  to  vmdth  ratio  of  the  target. 

All  of  these  factors  have  to  be  considered  in  any  detailed  discussion  of  the 
technique . 

The  complete  derivation  of  ST/HLITE  theory  and  discussions  about  its 
limitations  are  best  described  in  references  1,  2,  7,  8.  The  limiting  equations 
are  covered  in  Appendix  C of  this  paper. 
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APPENDIX  B 

USE  OF  STARLITE  WITH  THE  PL^HIED  PAIR  SY3TS-I 


Since  PAIR,  or  the  AN/sQQ-23,  currently  in  construction,  uses  two  separated 
receiving  arrays  for  the  passive  subsection,  STARLITE  application  initially  seens 
very  logical  and  desirable.  This  appendlsc  \dll  briefly  consider  the  technical 
problems  of  STARLITE/?AIE . Although  actual  processors  and  displays  for  STPHEITE 
are  unspecified  at  this  time,  certain  technical  features  of  PAIR  and  a possible 
STARLITE  subsystem  will  be  discussed. 

We  will  not  describe  all  the  capabilities  and  features  of  PAIR.  Our  descrip- 
tion and  the  block  diagram  in  figure  B-1  only  cover  the  principal  signal  processing 
steps  and  the  nature  of  the  received  signal  at  different  points  in  the  system. 

The  ST-''11LITE/p.'\IR  processor  we  suggest  is  for  illustrative  purposes  only.  Further 
study  might  produce  a ST.^ILITE  processor  of  greatly  different  form  for  incorpor- 
ation with  the  SQ,Q-23. 

Brief  Description  of  the  Active  Portion  - SC.O.-23 

The  SQQ-23  \ri.ll  transmit  at  4.5  kHz  and  5-5  ^ulz.  Tne  forward  dome  co.ntains 
the  active  receiving  array.  This  array  has  48  staves  from  which  are  formed  43 
beams  of  7 l/2  degrees  ^.Idth,  overlapping  at  the  3db-dov'n  points.  The  beamfonners 
are  analog  delay  lines  of  1-6  kHz  bandpass . The  received  signal  fro.m  the  beam- 
formers  is  hcterodi'ned  to  20  kHz  and  bandpass  filtered  to  470  Hz  centered  at 
20  kflz. 

After  filtering,  the  received  analog  signal  can  go  any  of  fo'.u?  paths 
(see  figLire  3-1),  depending  upon  operator  direction  from  the  console.  The  first 
path  leads  to  the  Wave  Period  Processor  (VT^P)  which,  for  search  processing,  clips 
the  sigrrl,  A/d  converts,  thresholds,  and  sends  the  res'olting  sigr.rJ.  to  a.  digital 
computer.  Tiie  computer  controls  a display  which  has  l6  symbols  wired  into  its 
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symbol  generator  (no  alpha/nuinerics  presently).  The  computer  performs  a second 
thresholding  to  limit  the  number  of  events  displayed. 

The  second  path  goes  to  a tracking  processor  which  uses  any  eight  adjacent 
beams  of  the  48  to  do  sum  and  difference  processing  with  3 beam  interpolation. 

The  third  path  goes  to  a Steered  Beam  Receiver  (SBR)  which  uses  any  2 
adjacent  beams  of  the  48  for  an  analog  interpolation  over  a frequency  range 
of  1-6  kHz . This  path  receives  unfiltered  beam  outputs  and  has  its  own  pro- 
cessing. One  branch  of  this  path  provides  an  audio  channel  for  passive  or 
active  signals.  For  the  passive  mode  selectable  filtering  is  provided: 

1-1.8  kHz,  1-2.5  kHz,  1-6  kHz.  For  the  active  mode,  the  4.5  or  5-5  kHz  input 
is  heterodyiied  to  484  Hz  and  filtered  to  a bandpass  of  470  Hz. 

In  the  second  branch,  the  active  signal  only  is  then  modulated  to  20  kHz, 
bandpass  filtered  to  470  Hz  vridth,  centered  on  20  kHz,  quadrature  heterodyned 
and  a/d  converted  by  a 5 bit  linear  converter.  The  digitized  quadrature  com- 
ponents are  then  replica- correlated.  The  correlator  output  is  d/a  converted 
and  displayed  on  a paper  recorder. 

The  fourth  path  goes  to  another  SBR  ’.•rith  the  sa.me  filters  and  heterodyner 
as  the  first  bra.nch  of  path  3-  This  path  has  no  correlator.  Both  SBR's  are 
steerable  by  the  operators  of  the  two  consoles . 

Brief  Description  of  the  Passive  Portion  - SQQ-23 

Passive  bands  of  1-1.8  kHz  and  1-2.5  kHz  are  selectable  ^^ith  the  t^:o 
receiving  firrays.  Passive  search  is  done  at  1-2.5  kHz  over  22  beams  of  15 
degree  width  forr.ied  with  analog  del-ay  lines  (the  aft  30°  is  not  searched). 

The  output  of  the  22  beams  for  passive  search  is  displayed  on  a paper  time- 
bearing  recorder.  Passive  tracking  can  be  done  at  either  1-2.5  kJIz  or  1-1.8 
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kHz  with  one  benm  from  each  dome  at  the  selected  frequency  hand  being  clipped 
and  then  fed  to  a clipper  cross-correlator.  The  output  of  the  correlator  is 
displayed  on  a CRT 
STARLITE  Processing  with  SQQ-23 

STARLITE  requires  both  receiving  arrays.  Unfortunately^  the  aft  array  has 
only  24  staves  instead  of  4B^  since  its  processing  channel  only  handles  signals  up  to 

2.5  kHz 

instead  of  5-5  kHz.  Because  of  the  greater  stave  spacing,  the  beam  pattern 
for  this  array  has  conspicuous  side  lobes.  Figures  B-3  and  B-4  show  the  beam 
pattern  of  the  aft  array  at  4.5  kHz  and  5-5  kHz  with  side  lobes  respectively 
only  5<it>  and  3 lower  than  the  main  lobe.  As  a consequence  the  bearings  of 
received  active  signals  at  the  beamfomed  output  of  the  unmodified  aft  array 
would  be  subject  to  error.  The  array  also  would  provide  substantially  less 
s/n  ratio  tha.n  the  forward  array. 

The  second  branch  of  the  third  path  of  active  sonar  processing;  namely,  the 
SBR  with  correlator,  provides  some  of  the  possible  ST/iRLITE 

processing.  If  we  specify  STARLITE  processing  as  the  cross-correlation  of  the 
Foi-irier  transforms  of  the  forward  and  aft  correlator  outputs  gated  around  the 
echo,  plus  a means  of  measuring  echo  duration,  we  con  state  some  preliminary 
requirements  for  modifications  to  the  planned  SQQ-23 • Ilgure  3-2  shows  the 
present  processing  and  the  necessary  hardware  additions  for  STARLITE.  Tne 
minimum  o.ddition  consists  of  24  staves,  24  beam-former  delay  lines  and  24  preamps 
in  the  aft  array  to  conplete  48  aft  beams  at  4.5  and  5-5  kHz.  This  addition 
would  be  to  make  the  system  suitable  for  recording  signals  for  shoreside 
ST/IRLITE  experiments  and  prepare  it  for  later  addition  of  processing.  Complete 
implementation  w’o'ul.d  add  to  the  aft  array  a slaved  SBR  with  a correlator,  tw'o 
Fourier  transform  boxes,  a cross-coi'rela.tor  echo  duration  processor,  an  overall 
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PAIR  Aft  Array  Directivity 
Pattern  at  4,500  Hz 


FIGURE  3- 
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output  informtion  processor  and  a display.  The  cross-correlation  shift  and 
echo  duration  neas’oreinent  would  provide  the  basis  for  determining:  (l)  whether 
or  not  target  is  a linear  reflector,  (2)  target  aspect  angle,  and  (3)  target 
len^h  and  width.  If  the  echo  duration  fro.m  both  array  channels  were  measured, 
estimates  of  (2)  and  (3)  could  be  improved  by  using  an  average  or  weighted  mean 
of  the  two  measures.  The  active  PAIR  signal  most  useful  for  ST/d^LITE  application 
has  a band^.’idth  of  44o  Hz  and  a p'ulse  ler.gth  of  I61  Msec. 

This  suggested  processor  is  not  unique.  Further  thought  and  development 
could  possibly  produce  a processor  design  which  ^ro’uld  not  require  the  additional 
correlator  and  Fourier  transform  provisions. 

Technical  Issues 

Assuming  that  3TARLITE  vrorks  as  the  c'ur-rent  theory  predicts,  the  maxLmum 
classification  range  for  STARLITE/pAIR,  -irith  a 5 'hHz  active  signal,  60  foot 
array  spacing,  3OO  foot  subUiarine  length,  and  a minim-urn  s-abrm.rinc  aspect  angle 
of  21°  , is  abo'ut  S600  yards  abeam  of  the  classifying  ship.  If  the  transmit 
frequency  were  increased  to  10  kHz,  the  corresponding  maximum  classification 
range  doubles  to  11,200  yards.  The  costs  of  providing  ST/JII.ITE/SuQ-23  at  5 
kHz  and  at  10  kHz  shouAd  be  compared  before  making  final  design  decisions. 


Transmission  ^^..nd  reception  at  10  kHz  might  be  possible  by  the  use  of 


several  transducer  rings  of  quarter -i.-ave  elements,  khile  the  attenuation 
losses  at  10  Idte  would  be  greater  and  the  so-urce  level  probably  less,  the 
greater  effectiveness  of  the  receiving  array  at  10  idiz  vrauld  regain  some  of 


iith  the  10  kHz  signal  we  don't  need  to  match  potential  ranges  of 


the  5 signal  since  ST.ARLITE  will 
of  these.  E'.'-en  the  muixim-ujn  ST.'lRLITE 


not  be  effective  beyond  limits  well  short 
range  necdui't  be  matched,  since  this  range 


is  i.’-ell  beyond  e::occtcd  belo’.:  layer  detection 


ranges  at  5 ^dlz  and  therefore 
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■''Till  not  be  needed  often.  In  addition,  because  the  operator  is  alerted  to 
target  location  before  the  classification  step,  s/li  requirenent  is  less,  being 
of  greater  concern  to  the  echo  duration  neasurenents,  than  to  a requirenent  such 
as  initial  detection. 
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APPEiroiX  c 

OPER.\TIOIL\L  CONSIDER.\TIO:iS  FOR 

For  a STi\RLITE/PAIR  equipped  ship,  ve  have  calculated  the  Effective  Class- 
ification Area  (ECA)  relative  to  the  Effective  Detection  Area  (EDA)  for  differing 
aspect  suhrarines  in  a belov  layer  case.  These  calculations  are  for  a static 
case . Since  operationally  aspect  angles  and  relative  hearings  ’..'ll!  change 
continuously  except  on  a restricted  set  of  relative  courses,  a second  set  of 
con:putations  were  made  with  the  subr.arine  placed  at  different  initial  starting 
points.  Tnese  points  were  selected  such  that  the  suhnarine  at  a chosen  speed 
eind  straight-line  course  reached  a point  ivithin  h Ityds  of  the  surface  ship  at 
the  end  of  an  hour . At  specified  points  along  the  suhnarine  track,  a computer 
program  determined  whether  or  not  the  target  could  he  classified,  considering 
its  rar.ge,  hearing  from  the  surface  ship  and  asx^ect  angle  at  that  point. 

Neither  of  these  sets  of  cor.-iputations  really  sho’.'s  whether  or  not  ST/iRLIT£/ 


PAIR  offers  a classification 


capability  vrorth  the  cost,  which  hasn’t  been 


estimated  yet.  More  analysis  is  planned.  Meanwhile  the  follov.-ing  results 
may  assist  decision-mal-aing  at  this  time. 
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Classification  Area  Relative  to  Detection  Area 
Definitions : 

R = Range  of  pubmarine  from  surface  ship 
Rj^  = PAIR  detection  range  (belov;  layer  target) 

Rg  = STARLITE  classification  range 

R_  = STARLITE  minimum  range  (Fresnel  far-field  condition) 

r 

^ = Submarine  axis  angle  (90°  = bov/  or  stem  on, 0°=  beam) 

0 = Submarine  bearing  from  the  surface  ship 

B = Spacing  between  receiving  arrays 

fj,  = Carrier  frequency  of  transmitted  signal 

Af  = Signal  bandwidth 

L = Length  of  submarine 

D = Diameter  of  submarine 

C = Speed  of  sound  in  mter 

Ag  = STARLITE  Effective  Classification  /crea 

A = PAIR  Effective  Detection  Area 


Baffle  area  = 6o°  sector  astern  in  which  a submarine  can  neither  be 
detected  nor  classified.  The  following  equations  determine  the  ST.'vRLITE 
effective  classification  range: 
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Equation  (C-2)  states  the  Fresnel  far-field  condition.  Using  PAIR  parameters. 


vhen  0 


-C  B cot  25  siM  0 

> 

"B  Cot  0 s'lM  0 

IQ. 

Af 

is  greater  than  21°  (equation  C-3)-  Therefore, 
(C-^)  n _ ^ /d  ^ D 


' ’ Rc  - I fr  B coi  ^ ziM  & < jL  S s'//^  3cos  0 
y 2C ^ 

and  equation  (C-3)- 


The  equation  for  defines  two  circles  with  center  at  - R ma:c/2  (where  R max 
S S ' S 

is  the  value  of  R^  for  0 = 90°)  at  relative  hearings  of  090°  and  270°  from 
the  sxjrface  ship.  For  any  fixed  value  of  0 three  conditions  can  hold; 

(a)  Rg  max<R^ 

(b)  R max/2<R<R  max 

S ' D S 

(c)  R <R  max/2 

D S ' 

These  three  conditions  are  illustrated  in  figure  C-1  (a-f)  for  5 kHz  and  10  kHz. 
The  mathematical  derivation  of  for  each  condition  is: 

2 

Condition  (a):  From  figure  C-l(a)  the  effective  detection  area  is  A 5/6xR^  . 

The  effective  classification  area  is  found  as: 
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Effective  Detection  Area.  At  this  preliminary  stage  of  analysis,  however, 
this  does  not  automatically  mean  that  STARLITE  is  tactically  sound. 


Table  C-1 

FUNCTION  VALUES  OF  TARGET  STRENGTH  VS  ASPECT 
ANGLE  USED  FOR  PAIR  PmFORi-I.ajICE  PREDICTIONS 


ASPECT  AI^GLS 


TARGET  STRENGTH 
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X g/Vo(.  f-  /case*. 


Using  as  input  parameters  sutr.orine  velocity,  and  its  range  and  bearing 
from  the  surface  ship,  plus  surface  ship  velocity,  a computer  program  generated 
a path  defined  by  the  submarine's  velocity  relative  to  the  surface  ship.  The 
program  then  computed  the  submarine  range  R at  incre.mental  distances  along  this 
path.  At  the  point  after  each  increment  this  value  is  compared  vrith  the  ST.ARLITE 
constraining  equations  using  the  PAIR  system  carrier  frequencies  of  and  5-5 
kHz,  bandwidth  of  440  Hz,  and  hydrophone  separation  of  60  feet.  If  the  submarine 
range  R at  the  uoint  satisfied  equation  (C-IO)  and  R .<!:R.iR_,  the  sub>m?.rine  \ms 
within  the  EGA.  Othervrise,  the  submarine  was  considered  outside  the  EGA. 

The  results  of  these  calculations  are  sho'v.’n  in  figures  G-4  and  C-5-  These 
fig-ures  show:  (l)  uhere  the  submarine  entered  the  EGA,  (2)  the  surface  chip's 

true  path,  (3)  the  submarine's  true  path.  One  important  result  not  shown  in 
figures  C-4  and  G-5  is  the  period  of  time  on  each  subnni'ine  track  dua'i;ig  '.fnich 
classification  was  possible.  This  res'ult  and  the  ruaribcr  of  pings  (for  5 and  10 
kyd  range  scale  settings)  that  co’old  provide  classification  information  ere 
sho’vm  in  table  C-3  for  each  submaa'ine  track. 
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PARAI^TERG  MD  PARTIAL  RESULTS  FOR  THE  SURFACE  SKIP-SS  TRACKS  OF  FIGURES  C-4  AND  C-5 


I IIo  S = 20  yds  V = 15  KTS.  U = 10  ICjl’S. 

ificatlon  bcco!;'.es  possible  o:x  this  submarino  only  after  its  point  of  closest  approach  to  the  surface 
uhen  the  ra.nce  betu'cen  t’noni  is  incrcasirif;. 
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AFPSI.DIX  D 

DESCRIPTION  OF  A SHIP-MUIICHED  PASSIVE  SONOB'JOY  FOR  TARGET  CL'^SSIFICAITOII . 

CLASP  (Classification,  Ship-Projected)  is  a passive  sonobuoy  fired  from 
the  5"-38  calibre  gun  of  an  ASW  ship  and  used  for  the  classification  of  contacts 
4000-10,000  yards  fron  the  ship.  The  system  has  been  fired  at  sea  and  success- 
fully used  to  receive  the  radiated  noise  of  a submerged  submarine. 

After  initial  detection  of  a contact  by  active  soiiar,  radar,  visual,  or 
ECI'I,  the  passive  sonobuoy  is  delivered  in  a 5"  windov;  projectile.  An  omni- 
directional hydrophone  on  a 60  foot  cable  detects  noise  in  the  20  to  5000  Hz 
frequency  band.  Tlie  noise  is  amplified  and  transmitted  to  the  ship  for  reception 
on  an  aircraft  sonobuoy  radio  receiver.  The  noise  is  monitored  by  means  of 
headphones  for  submarine-like  sound  characteristics.  Vnile  reference  11  does 
not  indicate  any  tests  with  LOPAH-type  processing,  that  wauld  probably  increase 
detection  and  classification  capability. 

Reference  11  states;  "Standard  shipboar-d  fire-control  equipment  is  used 
to  aim  the  5"  G’-^n,  and  fire  control  ra.dor  locates  the  splash  point  to  verify 
accurate  placcm.cnt  of  the  sonobuoy  at  the  contact  location.  After  snlashdow.-., 
the  sonobuoy  is  expelled  fron  the  projectii.e.  The  antenna  and  hydrophone  are 
deployed  and  the  sonobuoy  becomes  operationa.1  about  1 m.lnute  after  •.■.’ater  entry." 

The  effective  range  bet'.'een  sonobuoy  and  submarine  for  detection  and 


classification  depends  on  sea-state, 
noise . Reference  11  based  ‘ocrfonxin 


submarine  noise  output,  and  back.gr ound 
•ce  estimates  on  the  bac'-qp'ound.  noise 


contributed  by  the  A3h'  destroyer. 


in  addition  to  the  ambient  sea  noise. 


Reference  hou'cvcr,  considered  the  more  general  case 
of  large  co.avoys.  This  reference  states  that  the  sonob 
effective  for  convoy  speeds  of  10  laiots  or  less,  but  na 


of  use  in  the  vicini 
)Uoy  system  '.;-ould  be 
rginal  for  a 15  lu'.ot 


V 


convoy . 
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Reference  9 provides  inslcht  into  many  areas  of  concern  and  deserves  care- 
ful reading.  For  the  purposes  of  this  appendix  t\ro  of  its  conclusions  appear 
very  important: 

(1)  the  yearly  cost  of  a projected  omnidirectional  sonobuoy  system  is  not 
clearly  loit-er  than  the  cost  of  a small  helicopter  for  contact  confirmation. 

(2)  a projected  omnidirectional  sonobuoy  system  sho’old  not  be  used  as  a 
classification  aid  by  ASW  ships  in  multi-ship  situations,  such  as  convoy  or 
task  group  screening  operations.  However,  the  report  recommends  a detailed 
investigation  of  directional  so.nobuoy  systems,  including  both  a design  feasi- 
bility study  and  a study  of  operational  effectiveness  in  a number  of  tactical 
situations . 

In  the  cases  presented  in  reference  9;  the  ranges  for  passive  detection 
and  classification  never  equalled  the  detection  ranges  repoi'ted  in  reference  12 
for  C.'iSS.  However,  C.4SS  ;;as  never  operated  in  the  vicinity  of  a Icirge  convoy, 
nor  was  an  analysis  of  this  situation  indicated  in  the  reference.  On  the  basis 


of  some  of  the  fiimings  in  reference  9.>  ^ new  study  shoul.d  consider  the  use  of 
t'i/o  passive  sonobuoys  and  an  independent  active  scarce.  Reference  9 discusses 
the  use  of  an  additional  gun-fired  sonobuoy  and  a gun-fired  e;:plocivc  charge 
for  e::plosive  echo-rarging  against  quiet  submarines,  or  submi'rinc  contacts  close 
to  a convoy.  Instead  of  an  EER  charge,  the  sound  so’urcc  might  be  an  expendable 
transducer  providing  •’..'ideband  transmission  at  a so'urce  level  co;riparable  to  C\Sg. 

A first  passive  sor.obuoy  might  be  fired  to  classify  by  detection  of  the 
radiated  submarine  noise.  If  no  subr.iirrine  noise  '.ras  detected,  a second  passive 
sonobuoy  and  a so-ur.d  projector  u'O'uld  be  fired  to  provide  active  detection, 
localisation  and  classification  perhaps  with  ST/lRIITE  techniques.  Other  ca:idid- 
ates  for  the  sound  projector  might  include  a helicopter  dunking  sonar  or  th.e 
AGH  ship's  lo;i.g  range  search  son-vr.  These  ideas  varra.rt  careful  nna.lysis. 
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CONS'li'UD  ACTIVE  S0N03U0Y  SYSTK'l  (CAGS ) 

The  technical  evaluation  of  the  Corimand  Active-Sonobuoy  System  (CASS)  is 
reported  in  reference  12 . This  appendix  vrill  describe  briefly  the  characteristics 
of  the  sonobuoy.  As  background,  an  operational  analysis  performed  by  IIAVAIRDEVCEIl 
showed  that  a single  active  sonobuoy  would  need  a mininium  detection  range  of 
6000  yards  to  cope  with, a deeply  submerged  submarine  traveling  at  30  knots. 

Thus,  the  development  sought  to  provide  fixed-wing  aircraft  w'ith  an  echo-ranging 
system  capable  of  acquiring  and  localizing  for  attack,  the  quiet,  high-s-eed, 
deeply  submerged  subimarines  expected  in  the  1970-1975  period. 

Reference  12  states : "For  a 50  percent  echo-to-ping  ratio  the  CASS  was 

shown  to  be  capable  of  reliable  in-layer  and  belov^-layer  detection  of  an  under- 
water target  out  to  a range  of  65OO  yards.  (Vfnen  the  target  had  up  Doppler,  a 
maximum  range  of  7300  yards  was  achie/.ed;  with  dovrn  Dopp].er,  a maxim.-um  range 
of  6500  yards  was  achieved,  under  typical  summertime  conditions  of  bathythermograph ) 

The  C.^SS  ve.s  shovni  to  be  capable  of  detecting  underi.’ater  targets  at  radial 
speeds  of  30  knots  and  tracking  underv/ater  targets  '.vlth  up  or  down  Doppler  at  radial 
speeds  of  6,  12,  I8  and  27  knots. 

When  adverse  bathythermograph  conditions  were  e.ncountered  (a  layer  depth  of 
100  to  150  feet)  and  a target  v/as  below  layer,  detection  capability  v/as  ehlianced 
by  using  a I5OO  foot  transducer  depth.  When  the  target  v'as  in  the  layer,  the 
shallov;  transducer  depth  (60  feet)  rjroved  effective." 

Transmission  Characteristics 

CASS  is  designed  to  transmit  CW,  Liv'  (linear  swept  K'.)  Dill-;  (Doppler- 
invai’iant  K')^  s,nd  PRiJ  ( pseudorandom- noi se ) signals.  Tne  sonobuoy  can  transr.it 
on  U different  frequencies  centered  at  6-^,  7.5,  0.5  -^nd  9.5  I-dIz  . Tne  avionics 
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subsystem  consists  of  a signal  generator,  a signal  analyzer  and  a display  system. 
The  sonobuoy  is  expendable.  The  signal  generator  feeds  a function  generator  in 
the  aircraft  vhich  transmits  an  amplitude -modulated  UHF  signal  to  the  sonobuoy. 

A receiver  in  the  sonobuoy  demodulates  the  transmission  and  sends  the  pulse  to 
the  sonar  transmitter  for  transmission  into  the  vater.  In  CW  operation,  four 
pulses  of  1.0,  0.5;  0-1  and  0.01  seconds  are  selectable  with  bandwidths  of 
100,200  or  400  Hz.  Pulse  durations  of  1.0  second  are  selectable  for  the  LKi 
and  DIEi-1  trans.mission  modes.  In  the  UTi,  DIR-1  and  PRil  modes,  the  signal 
generator  sends  a replica  centered  at  800  Hz  to  the  analyzer  for  cross-correlation 
with  the  received  sonar  signals.  After  sonic  transmissio.i,  the  sonobuoy  switches 
to  the  listening  mode . The  sonobuoy  bandpass  receiver  amplifies  the  sonic 
information^  and  transmits  it  via  a frequency -modulated  ViIF  carrier  to  the  air- 
craft receiver.  The  signal  generator  translates  the  demodulated  I'HF  signal 
to  a center  frequency  of  800  Hz . 

In  the  CW,  LRl  and  DIFM  modes  of  operation,  the  800  Kz  center  frequency 
received  signal,  is  clipped,  sampled  at  a rats  of  Uop6  samples  per  second,  and 
fed  to  a magnetic-core  time  compressor  and  memory  unit  (MACTIC)  where  it  is 
time-corapressed  by  a factor  of  9728  to  1 and  stored.  For  the  LF1-'  mode  the 
memory  is  read  at  different  speeds  to  co.mpensatc  for  the  Doppler  dispersion 
(change  in  slope  of  the  K-I  su'eep)  correlation  loss.  The  received  signal  is  read 
out  of  the  MICTIC  memory  serially  and  beat  against  fne  stored  replica.  The 
serial  code  shifted  out  of  the  replica  memory  is  the  reverse  order  of  the  code 
used  to  generate  the  sonic  pulse.  Beating  this  "A.th  the  received  signal  produces 
a single-frequency  signal  which  includes  the  Doppler  shift.  To  permit  the  use 
of  a single  output  filter,  the  output  of  the  beat  frequency  correlator  is  hetero- 
d^n-ied  by  a step  oscillator,  such  that  the  difference  bet’.'ccn  the  frequency  of 
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the  step  oscillator  and  the  Dcpplered  echo  remains  constant. 

With  LEM  or  DIK4,  either  a detection  or  classification  mode  can  be  selected. 

The  detection  mode  gives  a B-scan  presentation  on  either  a full  8000  yard  scale 
or  400,  800  or  I600  yard  range-gated  scales.  The  B-scan  shows  Doppler  along  the 
vertical  axis  and  range  along  the  horizontal.  The  writeout  is  a sloping  line 
moving  from  left  to  right  with  the  point  of  maximum  intensity  centered  about  the 
target's  Doppler.  When  alternate  upswept  and  do’^aiswept  LKi  pulses  are  used^  the 
intersection  of  the  two  slopes  provides  a range  resolution  capability  of  4o  yards. 

The  classification  mode  provides  either  400^  8OO  or  I6OO  yard  range-gates  on  a split- 
screen presentation.  The  top  half  of  the  screen  shows  a presentation  similar  to 
the  detection  mode^  but  a dark  horizontal  band  is  evident.  This  band  corresponds 
to  a particular  4 kt  Doppler  increment  selected  by  a switch  setting.  The 
amplitude  modulated  signal  within  this  Doppler  band  is  presented  in  an  A-scan 
on  the  bottom  half  of  the  screen.  With  the  range-gated  operation  target  high- 
lights are  visible  in  the  A-scan  traces. 

ST/J^LITS  Application 

The  limiting  range  equations  for  ST;\RJjITE  and  the  equations  using  measured 

frequency  shii^  and  echo  diu-ation  for  estimates  of  the  target  aspect  angle,  length 

and  \/ldth  require  kno’.fledge  of  receiving  hydrophones  spacing  and  of  the  target 

bearing  relative  to  the  axis  of  the  tv;o  hydrophones.  Sonobuoy  location  by 

aircraft  already  is  required  for  weapon  delivery  and  in  dropping  buoys  for  a 

trapping  field  about  a datum.  The  methods  of  location  involve  radio-  direction 

finding  on  the  sonobuoy  transmitter  and  the  use  o'"  an  "on-top”  indicator.  Tiiis 
not 

is /accurate  enough  to  determine  sonobuoy  spacing  (hundreds  of  feet)  for  ST.'\RLIT'E. 
Timing  the  difference  bet\.'cen  acoustic  transmission  from  one  sonobuoy  to  reception 
at  the  other  seems  to  offer  the  simplest  and  easiest  a.lternative . Since  the 
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sonobuoy  separation  for  STARLITE  purposes  vail  not  exceed  several  hundred  feet 
and  the  s/n  of  received  pulses  will  be  very  high,  the  cost  accurate  timing  would 
be  based  on  pulse  leading  edge  estimates  from  the  raw  signal  rather  than  from 
the  peak  envelope  output  of  the  correlator.  This  should  provide  accuracies 
within  a few  feet . 

The  effect  on  STARLITE  processing  of  CASS  signal  clipping  before  correlation 
is  not  knovm  because  no  quantitative  information  is  available  on  this.  The 
CASS  system  capability  for  operating  from  active  buoys  simultaneously  provides 
the  multi-channel  condition  STi^JRLITE  needs.  We  have  not  made  any  analysis  of 
the  supplements  required  for  adding  STARLITE  to  CASS  such  as  we  have  done  for 
PAIR. 

The  class  .fication  capability  of  CASS  may  be  adequate  without  STARLITE. 

If  this  proves  true,  then  the  classification  problem  for  the  long  ratige  co.atact 
sitmtion  is  solved.  This  active  system  vdll  provide  better  localization 
information  than  the  current  passive  methods.  The  source  level  of  CASS,  102  db 
above  1 microbar,  together  with  the  80  db  receiver  gain  may  permit  use  at  closer 
ranges  to  the  convoy  than  passive  buoys . 

Reference  12  provides  many  m.ore  technical  details  and  also  sea  test  results 
of  the  technical  evaluation. 


